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Abstract

The reproducibility of RIAs of circulating sex hormones
has been evaluated as part of recent epidemiological
investigations, but none seem to have addressed the
reproducibility or validity of RIAs for urinary hormones
or their metabolites. As part of a case-control study of
breast cancer in Asian-American women, 12-h overnight
urine samples were obtained, and a methodological study
was conducted to identify laboratories capable of assaying
urinary hormones. For the reproducibility component of
this study, two laboratories with extensive experience in
hormone assays measured urinary estrone, estradiol,
estriol, pregnanediol glucuronide, and estrone
glucuronide using samples from 15 women (5
midfollicular, 5 midluteal, and 5 postmenopausal).
Variance estimates from these measurements were used
to calculate the laboratory variability (coefficient of
variation) and to assess the magnitude of the biological
variability among the women in relation to the total
variability (intraclass correlation coefficient). For the
validity component, urinary estrone, estradiol, and estriol
levels were measured in the same samples by gas
chromatography-mass spectroscopy in the laboratory of
Dr. Herman Adlercreutz (University of Helsinki, Helsinki,
Finland). We found that the degree of assay
reproducibility differed between the laboratories, but that
laboratory variability was usually low compared with the
range of hormone values among women, particularly for
the estrogens. Values for estrone and estradiol were well
correlated among all of the laboratories. For estriol, the
RIAs tended to overestimate levels compared with gas
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chromatography-mass spectroscopy. In one laboratory,
assays for pregnanediol glucuronide and estrone
glucuronide were consistently reproduced; in the other,
the reproducibility of the RIA for pregnanediol
glucuronide was problematic, and estrone glucuronide
was not measured. Despite some limitations, urinary
hormones and their metabolites can be reliably measured
by current RIAs in large investigations attempting to link
hormone level to disease risk and may be particularly
advantageous for studies of postmenopausal women,
where serum concentrations of estrone and estradiol are
low and assay measurements are not as dependable.

Introduction

Urine samples have long been used to characterize clinically
relevant levels of steroid hormones, particularly for monitoring
pregnancy progression (1, 2). In epidemiological studies, the
collection of urine has several advantages compared with blood
samples: collection is noninvasive and can be conducted by the
subject without the assistance of a health professional, and
samples can be easily stored and transported. Measurements
reflect hormone levels over a period of time, typically 12 or
24 h, which may cover several cycles of pulsatile secretion.
Moreover, because the concentration of most urinary hormone
metabolites is high, costly extraction procedures needed for
blood assays are not required. Concerns about reproducibility
within and comparability among laboratories using RIAs to
measure serum hormones have been raised in large population-
based studies (3-7), but little attention has been paid to the
quality of urinary hormone measurements. Problems with assay
reproducibility compromise the power to link hormone levels
with cancer risk; when measurements are reproducible, but do
not reflect the true hormone values (i.e., the estimates are
biased), study results may be difficult to interpret. )

Plasma and 12-h overnight urine samples were obtained as
part of a case-control study of breast cancer in Asian-American
women to study the role of endogenous hormones. Before
analyzing these specimens, a methodological study was con-
ducted to identify laboratories that could reproducibly and
accurately measure circulating and urinary hormones and their
metabolites. Findings on the reproducibility of plasma estro-
gens and progesterone have been presented elsewhere (7). In
this study, we present results of urinary hormone measure-
ments, using 12-h ovemight urines collected from 15 volunteer
women. Each woman'’s urine was assayed repeatedly over the
course of 4 months. To estimate “true”” hormone values, urinary
estrogens were measured by GC-MS? methods.

2 The abbreviations used are: GC-MS, gas chromatography-mass spectroscopy;
CV, coefficient(s) of variation; ICC, intraclass correlation coefficient.
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Materials and Methods

The design and analytic methods for the reproducibility study
have been presented in detail elsewhere (7, 8). To summarize,
we obtained 12-h urines from a total of 15 female volunteers
not currently using exogenous hormones: 5 were in the mid-
follicular phase of their menstrual cycle (6-10 days after the
start of menses; mean age, 40), another 5 were in the midluteal
phase (4-6 days before the start of the next menses; mean age,
39), and 5 were postmenopausal with at least 3 years since their
last menstrual cycle (natura] menopause, mean age, 56). To
confirm menstrual phase, premenopausal women were con-
tacted regarding the date of their subsequent menses.

Urine was collected overnight (12 h) into a half-gallon
container with a teaspoon of boric acid as a preservative.
Containers were kept in ice or refrigerated until the following
day when urines were decanted and aliquotted into 15-ml
conical tubes and stored at —70°C. For the reproducibility
component of the study, two laboratories with considerable
experience in hormone assays (one academic, one commercial)
received four batches of urines at one time, each containing two
blinded tubes per subject, and were instructed to assay one
batch per month at the start of 4 consecutive months. Samples
were stored at -70°C until assayed. Tubes in each batch were
placed randomly and in a different order every month. Al-
though unaware which samples corresponded to which woman,
the two laboratories were told whether the sample came from a
pre- or postmenopausal woman to facilitate sample handling,
Tests were done in duplicate; thus, for each woman, a total of
16 measurements of each urinary hormone was obtained. The
laboratories were instructed to assay only those analytes for
which they had experience and standardized assays. Both lab-
oratories measured estrone, estradiol, estriol, and pregnanediol
glucuronide; only one measured estrone glucuronide. Results
for 2-hydroxyestrone and 16-a hydroxyestrone have been pre-
scnted elsewhere (8).

For the validity component of the study, a single aliquot of
urine from each of the 15 women participating in the study was
sent in one batch to the laboratory of Dr. Herman Adlercreutz
(University of Helsinki, Helsinki, Finland). The laboratory was
told whether the sample came from a pre- or postmenopausal
woman. Samples were stored at -70°C until analyzed. For each
woman, GC-MS analysis was performed in duplicate, and
measurements of urinary estrone, estradiol, and estriol were

provided.

Laboratory Methods

Laboratory 1 (RIA). For the estrogens, urines were hydro-
lyzed with B-glucuronidase, followed by solid phase extraction
and celite chromatography fractionation to separate the ana-
lytes, which were then measured by RIA. Reported intra-assay
CV were 5.9%, 6.7%, and 10% for estrone, estradiol, and
estriol, respectively; corresponding interassay CV were 6.9%,
8.9%, and 13.5%. All assays were reported to be highly com-
pound-specific, with cross-reactivity with other steroids being
<0.001%. Lower limits of detection for the analytes were as
follows: estrone, 10 ug/liter; estradiol, 0.2 pg/liter; and estriol,
2.5 pglliter. The average sample recovery was 90%, and sam-
ples with <50% or >105% recovery were repeated. For preg-
nanedijol glucuronide, study specimens and quality control pool
specimens were diluted 1:500 with assay buffer, followed by
RIA (9, 10) which was incubated for 16 h at 4°C. The sensi-
tivity of the assay was 0.01 mg/liter. Samples with levels >3
mg/liter were repeated with further dilution. The laboratory
reported intra- and interassay CV of 6% and 9.8%, respectively.

Cross-reactivity with pregnanediol was 6.7% and <0.01% with
other steroids. The assay was acceptable if at least two of the
three QC pool values were within two SDs of the mean.

All RIAs were done in duplicate. If the CV was >20%, the
sample was repcated.

Laboratory 2 (RIA). Urinary estrone, estradiol, and estriol
were quantified by RIA. After their hydrolysis in urine (1 ml)
with B-glucuronidase/arylsulfatasc and selective extraction,
first using diethyl either (extracts estradiol and estronc) and
then 40% ethyl acetate in hexane (extracts estriol). The extract
containing estrone and estradiol was then subjected to Celite
column partition chromatography (stationary phase: ethylene
glycol). Estrone was eluted in 15% ethyl acetate in isooctane,
and estradiol was eluted in 40% ethy! acetate in isooctane.
Similarly, estriol was purified on a Celite column (stationary
phase: methanol/water (60/40). Elution of estriol was achieved
with 30% ethyl acetatc in isooctane. After their purification, the
three estrogens were quantified by specific RIAs, as described
previously (11-13). Efficiency of hydrolysis was monitored by
using external standards of [*H]estrone sulfatc and [*H]estrone
glucuronide. Procedural losses were monitored by use of
[°Hlestrone, [*H]estradiol, and [*H]estriol as internal standards,
which were added after the hydrolysis step. Creatinine was
measured in all urine samples, and the concentration of each
estrogen is reported in ug/g of creatinine. The assay sensitiv-
ities for the estrone, estradiol, and estriol assays were 0.4 ng/ml,
0.02 ng/ml, and 2 ng/ml, respectively, and the intra-assay and
interassay CV ranged from 5-10% and 10-15%, respectively,
for each of the three assays. Estrone glucuronide was quantified
in urine by direct RIA, after the urine was diluted 1:500 with
assay buffer, as described previously (9). The assay sensitivity
was 0.02 pg/ml, and the intra-assay and interassay CV were
5.2% and 12.1%, respectively. Measurement of pregnanediol
glucuronide in urine was also achieved by direct RIA after
dilution of the urine with assay buffer (1:5000), as described
previously (9).

GC-MS Method. After the hydrolysis of conjugates, isotope
dilution GS-MS in the selected ion monitoring mode was used
to identify urinary estrogens (14). A total of 14 estrogens,
including E,, E,, E;, 2-hydroxyestrone, 2-hydroxyestradiol,
2-methoxycstrone, 2-methoxyestradiol, 4-hydroxyestrone, 15a-
hydroxyestrone, 16a-hydroxyestrone, 16a-hydroxyestrone,
16-ketoestradiol 16-epiestriol, and 17-epiestriol, was mecasured.
Estrogen conjugates were extracted on Sep-PakC g cartridges
and purified on the acetate form of DEAE-Sephadex. The
samples were then hydrolyzed using Helix pomatia juice and
purified on the acetate form of quaternary aminoethyl-Seph-
adex. Recovery after hydrolysis was estimated to be 75-82%,
based on the addition of deuterated (ds-)-ethoxime derivatives
of all ketonic estrogens as internal standards (15); these deu-
terated estrogens were later used to correct for these losses.
Estrogens with vicinal cis-hydroxyls and diphenolic com-
pounds were fractionated on the borate and bicarbonate forms
of quaternary aminoethyl-Sephadex, respectively. Neutral stc-
roids were removed by the freebase form of DEAE-Sephadex,
after which estrogens were scparated into two groups using
Lipidx 5000 in a straight phase system. After trimethylsilyl
ether derivatization, estrogens were analyzed by capillary gas
chromatography with stable isotope dilution mass spectrome-
try. Deuterated internal standards were available for all of the
estrogens, except 16 B-hydroxyestrone and 17-epiestriol, and
were used to correct for losses after the hydrolysis step. How-
ever, before the introduction of the deuterated internal stand-
ards, it is estimated that 5-10% of the hormones may be lost
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Table | Geometric mean of urinary hormones by laboratory and menstrual groups: Hormone Feasibility Study, 1995

RIA . GC-MS laboratory Two-sided signed rank P
Laboratory | Laboratory 2 (overall means)”
Estrone
Follicular 16.90 17.99 15.52 1 vs. GC-MS, 0.00(
Luteal 10.62 10.72 8.65 2 vs. GC-MS, 0.020
Postmenopausal 1.80 1.26 1.38
Estradiol
Follicular 711 6.44 513 1 vs. GC-MS, 0.00)
Luteal 452 3.66 2.86 2 vs. GC-MS, 0.041
Postmenopausal 0.52 0.39 039
Estriol
Follicular 15.67 21.53 5.50 1 vs. GC-MS, 0.001
Luteal 16.44 22.34 433 2 vs. GC-MS, 0.001
Postmenopausal N ‘ 387 0.83
Pregnunediol glucuronide
Follicular 0.82 1.75
Luteal 343 6.19
Postmenopausal 0.13 0.28
Estrone glucuronide
Follicular 37.67
Luteal 26.18
Postmenopausal 292

i
g

“ Laboratory versus laboratory.

due to incomplete hydrolysis, and this loss cannot be quantified.
The laboratory was shipped 15 aliquots of urines and analyzed
each sample in duplicate. These duplicate runs were not
blinded. For this analysis, the duplicate results were averaged.
For all of the estrogens, the limit of detection varied from 0.5-3
nmol/liter. The CV in premenopausal urine samples for the 10
major estrogens were reported to range between 4-7%.

Statistical Methods

For each menstrual group (follicular, luteal, and postmeno-
pausal women), a nested, within person ANOVA was used to
test for assay reproducibility over the 4 months. Data were
analyzed on the logarithmic scale (base 10) to reduce the
dependence of the SD of the response on the mean so that
variance can be assumed to be unrelated to subject. Variance
components methods were used to model the total variability in
the laboratory measurements. Estimates of the variability
among women in a given menstrual group (¢?,), of assay
variability among months for a given woman (a?,), and of
assay variability associated with different aliquots on the same
month for the same woman (o?) were obtained from the SAS
procedure Proc NESTED for a nested random effects ANOVA
(16); a detailed explanation of this analysis has been provided
(7). With y;;, denoting the mean of the log assay measurement
over duplicates for women I = 1,2,3,4,5 at month j(I) = 1,2,3,4
on aliquot k(ij )= 1,2, the model is

Yix = B+ @ + by + &

where a;, by, and €,;, are independent variables each with
mean zero and respective variances 0*,, 0%, and o” From the
variance estimates, we computed an estimate of the ICC [as
o J(0?, + 07, + 07); i.e., the percentage of the total variability
explained by hormone differences among the women] and
calculated an estimate of the assay CV. These CV differ from
those customarily reported, which are calculated by repeatedly
assaying aliquots from the same specimen. Our figures are
estimates of the average CV of the five women in each men-
strual phase (7). Measurements from all laboratories are pre-

sented in the same units. To ease interpretation, we present
geometric means, calculated by raising the means of the log,,
(analyte value) to base 10. Spearman correlation coefficients
were used to compare the rank order of urine values between
laboratories, and Wilcoxon signed-rank tests were used to com-
pare means. Results for each analyte are presented for follicu-
lar, luteal, and postmenopausal women separately.

Results

Reproducibility Study. Geometric mean values of each hor-
mone by menstrual group are presented in Table 1. Because our
interest was to quantify reproducibility at different concentra-
tions of analyte, values are expressed as analyte/ml; these can
be converted to analyte/12 h by considering the total urine
collected.

Measurements over the 4 months varied considerably for

all of the women, but no systematic time trends were apparent
for any hormone (Fig. 1-5). For illustrative purposes, Fig. 1A
depicts urinary estrone levels in follicular phase women, with
the leftmost symbol being the mean of the duplicates obtained
by GC-MS, and the values plotted at months 1-4 being the
means of the replicates for the two separate aliquots obtained by
RIA methods on those days. Each symbol corresponds to a
different woman. These plots graphically display several
sources of hormone variability assessed in this study, namely
hormone differences among women, measurement variability
over time for a given woman, and variability among aliquots on
a given day.
Estrone. Results are plotted according to menstrual group and
laboratory in Fig. 1, A-C. In premenopausal women, the range
of urinary estrone levels was large; for follicular phase women,
in particular, levels varied from 7 pg/ml to nearly 80 pg/ml.
Over the course of the study, RIA measurements in follicular
and luteal women were generally consistent in both laborato-
ries, although measurements were more variable in laboratory
2. Among postmenopausal women, estrone values were low in
all instances and were below the limit of detection in laboratory
1 for one woman. (Table 1).
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Table 2 Assay CV“ according to menstrual phase

Table 3 1CCs” by menstrual group and laboratory

Laboratory Laboratory
1 2 1 2

Estrone Estrone

Follicular 10.6 208 Follicular 98.7 95.5

Luteal 12.7 223 Luteal 86.9 753

Postmenopausal 13 193 Postmenopausal 85.5 93.3
Estradiol Estradiol

Follicular 12.0 346 Follicular 98.3 89.5

Luteal t6 18.9 Luteal 93.7 83.1

Postmenopausal 1.7 20.1 Postmenopausal 95.1 93.9
Estriol Estriol

Follicular 8.3 339 Follicular 91.5 85.8

Luteal 12.3 24.6 Luteal 96.1 74.8

Postmenopausal 20.0 ‘ 19.2 Postmenopausal 98.6 913
Pregnanediol glucuronide Pregnanediol glucuronide

Follicular 147 17.3 Follicular 90.3 924

Luteal 46.9 8.6 Luteal 65.9 84.6

Postmenopausal 8.6 95 Postmenopausal 76.3 91.8
Estrone glucuronide Estrone glucuronide

Follicular 15.5 Follicular 96.9

Luteal 10.6 Luteal 92.1

Postmenopausal 220 Postmenopausal 904

“ Values shown are 100 X 2.303 X (o?, + ~2_ + o%/2)'".

In laboratory 1, assay CV were <15%, (Table 2), and
hormone differences among women accounted for most of the
variability in the measurements with ICCs of 85% or higher
(Table 3). In laboratory 2, the RIA results were not as consist-
ent, with CV being ~20% in all menstrual groups. However,
for follicular phase and postmenopausal women, differences
among women were large, and the resulting ICCs were >90%
(Table 3).

Estradiol. RIA measurements did not show any trends over
the course of the study in both laboratories, although measure-
ments were more variable in laboratory 2, where differences of
15% or more were not uncommon (Fig. 2, A-C).

In laboratory 1, the assay CV was ~12% in all groups

(Table 2), and hormone differences among women accounted
for nearly all of the variability in the measurements (Table 3).
Assay measurements from laboratory 2 were not as consistent
from one month to the next, with CV ranging from 20-35%;
yet, the ICCs were generally high (Table 3).
Estriol. Results for estriol varied considerably between labo-
ratories (Table 1). As with estrone, the range of urinary estriol
levels in follicular phase women was quite broad (a 10-fold
difference in values). No systematic trends were observed in
results from either laboratory 1 or 2 over the course of the study
(Fig. 3, A-O).

In laboratory 1, estriol results were reproducible for pre-
menopausal women, but varied for postmenopausal women,
where the assay CV was 20% (Table 2). For all menstrual
groups, hormone differences among women explained most of
the variability in the measurements with ICCs >95% (Table 3).
Estriol measurements from laboratory 2 were not consistent
from month to month in all menstrual groups, with CV ranging
from 19-34% (Table 2); nevertheless, ICCs for follicular phase
and postmenopausal women were high (Table 3).

Pregnanediol Glucuronide. Pregnanediol glucuronide was
not measured by GC-MS. RIA values from laboratory 2 were
about twice those from laboratory 1 (Table 1), but no trends in
measurements were observed for either laboratory over the
course of the study (Fig. 4, A-C).

@ Values were calculated as follows: ICC = (0% /Jd?, + @2, + ).

Unlike the estrogen assays, the RIA for pregnanediol glu-
curonide in laboratory 1 was problematic. Assay variability was
high for luteal phase women (CV >40%; Table 2), and ICCs
for the luteal phase and postmenopausal groups were below
80% (Table 3). In laboratory 2, assay results for pregnanediol
glucuronide were, for the most part, reproducible, with CV
<10% for luteal and postmenopausal women, and the degree of
variability among women was high relative to laboratory var-
iability (ICCs were 90% or higher).

Estrone Glucuronide. Urinary estrone glucuronide was meas-
ured by RIA in laboratory 2 only; like the other urinary estro-
gens, levels among follicular phase women spanned a wide
range of values. GC-MS results were not available. No system-
atic trends over the 4 months of the study were observed (Fig.
5, A-C). Assay results were reproducible for premenopausal
women (Table 2), and hormone differences among women
accounted for most of the measurement variability in all of the
menstrual groups where ICCs were 90% or higher (Table 3).
Validity Study. Figs. 6-8 plot the mean of each woman’s 16
RIA measurements for estrone, estradiol, and estriol, respec-
tively, against the mean of the corresponding duplicate GC-MS
values; Spearman correlation coefficients are presented in Ta-
ble 4. Hormone means by menstrual group are also provided in
Table 1, along with Ps from Wilcoxon signed-rank tests com-
paring means from the RIA laboratories to the GC-MS labora-
tory. Two points must be borne in mind when interpreting the
plots. First, the RIA value for each woman is the mean of the
16 assays done blindly over the 4 months of this study, making
it a particularly precise estimate of that person’s hormone level.
Second, the GC-MS duplicates are not blinded resuits.
Estrone. For estrone (Fig. 6), values from laboratories 1 and 2
were well correlated with GC-MS values, with coefficients of
0.70 or higher (Table 4), but RIA levels were significantly
higher (Table 1).

Estradiol. Estradiol (Fig. 7) values were highly correlated
between laboratories, particularly in premenopausal women
where coefficients were 0.80 or higher (Table 4). Although the
mean estradiol levels from all of the laboratories were similar,
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Fig. 3. GC-MS and RIA valucs of urinary estriol.
The leftmost symbol represents the mean of the
dupticate values obtained from the GC-MS labora-
tory. Each of the following symbols rep the
mean of the duplicate RIA readings obtained each
month. Different symbols distinguish the five fol-
licular phase women (A), the five luteal phase
women (B), and the five postmenopausal women
.
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GC-MS measurements were significantly lower than RIA val-
ues for all menstrual groups (Table 1).

Estriol. For estriol (Fig. 8), RIA and GC-MS values were
highly correlated, but, typically, the RIA measurements were
two to three times higher than the GC-MS values (Table 4).
RIA results from laboratory 2 tended to be higher than levels
reported from laboratory 1 (Table 1).

Discussion

Early breast cancer studies of endogenous hormones measured
urinary excretion of estrogens and their metabolites (17), but
with advances in assay methodology, measurement of circulat-
ing hormones has come to dominate research efforts. Urine
collection, however, may be preferable in large population-
based surveys where the requirement of a blood draw could
sharply reduce study participation rates. Urine has further ad-
vantages, including integrating serum levels of hormones that
may not have consistent secretion patterns, and, being nonin-
vasive, it is useful for the study of day-to-day hormone fluc-
tuations in a woman’s menstrual cycle.

For most women, the catechol estrogens, particularly the
2-hydroxyestrone metabolites, are the most abundant (but rel-
atively unstable) of the urinary estrogens, followed by estrone
glucuronide. Although there is no consensus as to which uri-
nary estrogen metabolite best reflects circulating estradiol (2),
estrone glucuronide correlates with serum estradiol levels (1), is
fairly stable, and, as we have shown, can be consistently meas-
ured with RIA. Pregnanediol glucuronide, the major metabolic
product of progesterone, has been shown to be highly correlated
with serum progesterone levels with a 1-3 day lag (18).

For RIAs of urinary hormones to be useful in population-
based research, it must be demonstrated that the assays are
reproducible, that the biological variability of the hormone in
the population is large relative to assay variability, and that
measurements approximate the true values. We found the de-
gree of reproducibility of the RIAs for urinary estrone, estra-
diol, estriol, and pregnanediol glucuronide differed between the
laboratories. No trends in hormone measurements were ob-
served over the course of this study, indicating that storage
effects are minimal. Reproducibility was satisfactory in labo-
ratory | for all of the analytes, except pregnanediol glucuro-
nide, and for urinary estradiol and estriol, large hormone dif-
ferences were observed among the women compared to
laboratory variability. In laboratory 2, assay results for urinary
estrone, estradiol, and estriol were not as consistent, but the
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Table 4 Spearman rank correlations® among laboratories

Laboratory 1 GC-MS laboratory
Estrone
Overall
Laboratory 2 0.98 0.95
GC-MS laboratory 093
Follicular
Laboratory 2 1.00 1.00
GC-MS laboratory 1.00
Luteal
Laboratory 2 1.00 0.70
GC-MS laboratory 0.70
Postmenopausal
Laboratory 2 0.90 0.90
GC-MS laboratory 0.70 ‘
Estradiol
Overall
Laboratory 2 0.99 096
GC-MS laboratory 0.95
Follicular
Laboratory 2 1.00 0.90
GC-MS laboratory 0.90
Luteal
Laboratory 2 0.90 0.90
GC-MS laboratory 0.80
Postmenopausal
Laboratory 2 1.00 0.70
GC-MS laboratory 0.70
Estriol
Overall
Laboratory 2 097 0.99
GC-MS laboratory 0.98
Follicular
Laboratory 2 0.90 1.00
GC-MS laboratory 0.90
Luteal
Laboratory 2 0.70 1.00
GC-MS laboratory 0.70
Postmenopausal
Laboratory 2 1.00 1.00
GC-MS laboratory 1.00
Pregnanediol Glucuronide
Laboratory 2
Overall 0.99
Follicular 0.70
Luteal 1.00
Postmenopausal 1.00

2 All Spearman correlations with 0.90 are significant at the P < 0.05 level.

ICCs were generally high, so that these assays may yet be
useful in large scale studies. For follicular phase women, the
wide range of estrone values accounted for nearly all of the
variability in the RIA measurements in both laboratories. That
the range of estrone values observed in these women adequately
represents the population values (or for that matter, the range of
values of any analyte studied) may be questionable, because
only five women in each menstrual phase participated in this
study. With so small a sample, the precision of the variance
component for between person differences is poor.

For estrone and estradiol, RIA measurements in both lab-
oratories were well correlated with each other, as well as with
the GC-MS measurements. It is noteworthy, however, that
differences in RIA measurements of 15% or more were not
uncommon because it has been speculated that as little as a 10%
difference in hormone concentrations might be associated with
a substantial breast cancer risk. For estriol, absolute values
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Fig. 7. Plot of RIA and GC-MS measurements of urinary estradiol. All meas-
urements are plotted on a log,q scale.
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Fig. 8. Plot of RIA and GC-MS measurements of urinary estriol. All measurc-
ments are plotted on a log,, scale.

differed considerably among all of the laboratories, with RIA
measurements from laboratory 1 being consistently lower than
those from laboratory 2, and GC-MS estimates being lower
still. Because measurements were proportionately different
from one laboratory to the next, the correlations between lab-
oratories for this analyte were high. Unidentified cross-reactiv-
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ity in the laboratory assay, unmeasured loss of analyte during
hydrolysis before GC-MS, or calibration problems may account
for some of these measurement differences.

Epidemiological studies can be designed to overcome im-
precision in the laboratory assay by increasing the study size
and by batching matched cases and controls for the assays. For
instances in which batching is not possible, statistical adjust-
ment should be attempted. The contribution of biological fluc-
tuations within a woman was not addressed in this methodolog-
ical study because only one specimen was collected from each
woman. A study of intrawoman variability would entail sample
collections on several days from the same woman. In such a
study, the time of day as well as day(s) of the menstrual cycle
that urine is to be collected must be specified, because hor-
mones are known to fluctuate widely during’ the menstrual
cycle, to be influenced by circadian and/or diurnal secretion
patterns, or to be secreted in a pulsatile fashion.

In summary, we found that the reproducibility of most of
the assays for urinary hormones and metabolites differed be-
tween the laboratories, yet assay variability was low in com-
parison to the magnitude of biological variability among
women. For postmenopausal women in particular, assays of
urinary estrogens may be alternatives to serum assays where
hormone levels are close to the limits of assay sensitivity.
Current laboratory RIAs for urinary hormones and their me-
tabolites make urine collection a useful and easily obtained
resource in large-scale studies attempting to link hormones to
cancer risk.
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